


The origin of symmetry patterns of pollen grains 
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(WITH PLATE 16 AND FOUR TEXT FIGURES) 


Of the many characters of pollen grains which make up 
their remarkably varied forms, some are encountered again 
and again in entirely unrelated groups, and without hint of 
genetic continuity; while others are strictly phylogenetic, 
occuring only in groups with ancestral affinity. All heavy- 
walled pollen grains have one or more germinal apertures— 
thin spots or holes in the exine through which the pollen 
tube may emerge. The number and arrangement of these is 
found to be the same in many unrelated groups; and, though 
these characters are generally constant throughout any 
group such as a tribe or family, frequently more than one 
number and arrangement of apertures is found within a family— 
or more closely related group—, or even among the different 
individuals of a species. At the same time, however, cer- 
tain less conspicuous characters, as the sculpturing, texture, 
and various adornments of the exine, are generally restricted 
in their phylogenetic distribution and are always extremely 
constant for any species, and are of great value in determin- 
ing phylogenetic relationships (Wodehouse, 1928). 

Pollen grains are single cells, and such observations as these 
can best be interpreted in the light of our understanding of 
other plant cells. Any cell possesses two sets of characters. 
For example, if a fragment of wood be examined microscop- 
ically, its cells are seen to possess certain characters which 
distinguish them at once from those of all other tissues. On 
the other hand a more minute examination with the micro- 
scope will nearly always reveal one or more characters which 
are phylogenetic, and enable one to tell the family, genus, 
or possibly even the species to which the wood belongs. For 
example the pitting, various perforations, and secondary 
thickenings on the walls of certain wood cells exhibit a wide 
range of variation in size, shape, and arrangement, and possess 
high value for purposes of classification and identification 
of woods (Record, 1919). 
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For our first clear understanding and concise statement of 
the origin of such classes of characters we are indebted to 
Harper (1918), who states that at least two sets of factors 
are involved in determining the form of cells, their internally 
determined or specifically inherited cell form—including their 
capacity to respond to stimuli—, and their contact and other 
relations with their neighbors during growth. This latter in- 
volves especially the conflict between the laws of cell bipartition 
with rectangular intersection of the successive planes of division 
on the one hand, and on the other the tendency of single cells 
and groups of cells to assume least surface configurations. 

The problem as to which of the great variety of characters 
found among pollen grains are specifically inherited, and which 
are the result of interrelations with their neighbors can thus 
be quite sharply defined; and since there appear to be no words 
to designate adequately these two classes of cell characters 
I propose to call those which are the result of specifically in- 
herited cell form emphytic (éug@vutos, innate), and those which 
are due to contact and other relations with their neighbors 
during growth, haptotypic (amrrev, touch, and ruréw, make an 
impression). Emphytic cell characters are usually strictly 
phylogenetic in distribution and consequently of high diag- 
nostic value, while haptotypic cell characters are almost 
fortuitous in their distribution and of much less diagnostic 
value, but are of the greatest histogenetic interest. 

The pollen grains of the great majority of dicotyledons 
are characterized by the possession of three symmetrically 
arranged longitudinal furrows (i.e. they are tricolpate), which 
serve either directly as germ pores, or each encloses a germ 
pore. Though these furrows vary greatly in length, they are 
generally long enough to permit them to serve as expansion 
folds; on the other hand they are occasionally so short that 
it is barely possible to distinguish which is the long axis. 
Nevertheless, whether they be long or short, broad or narrow, 
shallow or deep, they are always equally spaced on the equator 
of the grain, with their long axes crossing it at right angles and 
converging towards the poles. Some idea of the relative fre- 
quency of furrows in threes among pollen grains can perhaps 
be gained from the work of Hugo Fischer (1890). He has de- 
scribed the grains of 2214 species taken apparently more or 
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less at random throughout the entire group of flowering 
plants, and of these 1180 are tricolpate. 

Though three is the characteristic number of germinal 
furrows, it is a significant fact that in the pollen of many 
plants are also found a varying number of grains with four, 
six, or two. Most frequently those with aberrant numbers 
of furrows make up only a small proportion of the grains 
and attract attention merely as curiosities; but in some species 
as, for example, the sorrel dock and white ash, almost— 
if not quite—one half of the grains have four germinal furrows. 
In the four species of Dahlia which I have examined, the 
number of furrows is always six, despite the fact that three is 
almost the universal number throughout the Compositae; 
and in one specimen of Stenotus lanuginosus which I have 
examined, approximately one half of the grains have two ger- 
minal furrows. 

Why should three be the characteristic number of aper- 
tures among dicotyledonous pollen grains; and how do the 
other numbers originate? In the formation of pollen grains 
the pollen mother cell nucleus always goes through two suc- 
cessive divisions and nearly always gives rise to four daughter 
cells, producing in due course four mature pollen grains. 
Of course there are well known exceptions: in Carex, for 
example, three of the nuclei degenerate and the pollen mother 
cell becomes, as it were, transformed directly into the pollen 
grain; occasionally one or more of the daughter nuclei may 
divide once or twice, giving rise to five or more grains; or, 
as in the case of the Acacias, all four of the daughter cells 
divide once or twice more, giving rise to eight or sixteen pollen 
cells. Nevertheless the prevailing number of pollen grains 
produced by a pollen mother cell is four. 

In the dicotyledons these four cells are formed after two 
nuclear divisions which take place in rapid succession, at 
right angles to each other, without the formation of dividing 
cell walls until after the four daughter nuclei have separated 
and reorganized. Regardless of the relative orientation of the 
spindles, the daughter nuclei generally tend to take up positions 
as far from each other as possible within the confines of the pol- 
len mother-cell wall, which results in the tetrahedral arrange- 
ment. Other arrangements sometimes occur; in fact all pos- 
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sible arrangements of four cells in contact are found, but in the 
vast majority of dicotyledons the arrangement is prevail- 
ingly tetrahedral, and it is in this position that the phragmo- 
plasts are formed and the cells rounded off and separated. 

If four spheres are placed together in the tetrahedral 
position it will be seen that each must make contact with 
its three neighbors, giving each sphere three equally spaced 
contact points (text fig. 7). This suggests an explanation 
of the prevailingly tricolpate character of the dicotyledonous 
pollen grains. Furthermore such a suggestion seems plausible 
by comparison with the formation of germinal pores in some 
Basidiomycetes. For example, Dodge (1924) describes the 
formation of pore plugs in spores of Gymnosporangium, which 
he states are analogus to the caps which cover the germ pores 


7 8 9 

Fig. 7. Diagram of four spheres in contact in the tetrahedral arrangement. 
Each makes three points of contact, one with each of its neighbors. 

Fig. 8. Diagram of four spheres in contact in the rhomboidal or half tet- 
rahedral arrangement. Two make contact with two, and two make contact 
with three of their neighbors. 

Fig. 9. Diagram of four spheres in contact in the tetragonal arrangement. 
Each makes contact with only two of its neighbors. 


in pollen grains of Cucurbita. His figures show clearly that 
these pore plugs, and consequently the pores, are formed 
at the points of contact betwen adjacent cells. 

For purposes of discussing the symmetry relations of these 
spheres it is convenient to speak of their polar axes as lines 
extending through the centers of the spheres and directed 
towards the center of the tetrahedron where they would all 
four meet, if so extended. Thus each sphere comes to have an 
inner and an outer pole, a proximal and distal polar hemisphere, 
and the equator is the line encircling the sphere midway be- 
tween the poles—the boundary between the two polar hemi- 
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spheres. In the case of the four spheres, the three points of 
contact on each form an equilateral triangle, all in one polar 
hemisphere; whereas the three furrows in dicotyledonous pollen 
grains are on the equator—midway between the poles. 

Now let us see what the situation is in pollen in which 
the four cells of the tetrad do not separate at maturity. Such 
a case is found in the pollen grains of nearly all the Ericaceae; 
for example in the pollen of Azalea the four cells of the tetrad 
remain firmly united in the tetrahedral position, forming 
a four-celled compound pollen grain at maturity (plate 16, 
fig. 1). Each of the cells is much flattened against its neigh- 
bors of the tetrad so that—instead of making contact by points, 
as spheres do in this arrangement—these contacts are broad 
flat surfaces as if formed under so much pressure that the 
flattening extends very near or even quite to the equators of 
the grains. Each of the four cells has three germinal furrows 
contiguous and continuous with those of its three neighbors 
directly across the edges of their contact faces. Each furrow 
encloses a single germinal aperture at its point of contact with 
the furrow of the neighboring grain. If these four grains were 
to be separated from each other, and, with the relief of pres- 
sure, the flattened sides of their proximal hemispheres should 
round out, they would be in essential respects just like any 
other tricolpate dicotyledonous pollen grains. Obviously in 
this case the position of the furrows and apertures is determined 
by the tetrahedral arrangement of the grains in the tetrad 
group, and is therefore a haptotypic character. 

Another example of four-celled pollen grains among the 
dicotyledons is that of Salpiglossis sinuata (fig. 2). The cells 
are in the tetrahedral position, but here the union is looser 
than in the grains of Azalea, as if formed under less pressure, 
and the contact faces are correspondingly less extended so that 
their edges do not nearly reach the equator. The furrows are 
spindle shaped, broadening out in the middle to contain the 
germinal aperture and tapering towards their proximal as well 
as their distal ends. Though they exactly meet each other on the 
line of contact between the flattened faces of the adjacent 
grains, their apertures are not at the edges of contact, as in 
the grains of Azalea, but are some distance from them on the 
equators of the individual grains. This shows that in these 
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grains the position of the furrows with relation to the equator 
of the grain is controlled by the contacts between adjacent 
grains, but the position of the furrows relative to the poles 
of the grain is independent of its contacts with its neighbors, 
i.e. they take a symmetrical position midway between the 
poles. Thus it is plain that in the grains of Salpiglossis sinuata 
mutual contacts exercise, so 
to speak, complete longitudi- 
nal control but no latitudinal 
control of the relative posi- 
tions of the germinal aper- 
tures. 

After the two divisions of 
the pollen mother-cell nucleus 
are complete, and the four 
nuclei, apparently through 
mutual repulsion, have taken 
up positions in the pollen 
mother cell as far apart as 





possible, and consequently in 


the tetrahedral position, Farr Fig. 10. Diagram of four daugh- 
(1916) and others have noted ter nuclei in the tetrahedral ar- 
that in some cases thicken- rangement within the mother-cell 


: ae ~<a wall, represented by the black circle. 
ings are formed on the inside ' 


of the pollen mother-cell wall seals cacranrtacamenieaaees 
in the regions of least pressure. This can perhaps best be 
visualized if we think of the four nuclei contained within the 
spherical wall of the pollen mother cell as if situated at the 
four angles of an imaginary tetrahedron (text fig. 10). Such 
a figure is bounded by four plane surfaces—each an equilateral 
triangle—, six edges, and the four solid angles at which the 
four nuclei are situated. Now when the soft gelatinous inner 
layers of the mother-cell wall begin to swell, the viscous 
material is moulded inwardly into the form of the zones of 
least pressure which lie midway between each pair of nuclei. 
There are four such regions, each triangular and centering 
outside the centers of each of the triangular faces of such 
an imaginary tetrahedron. These four interior ridges of the 
mother-cell wall develop inwards and meet in the center 
of the tetrahedron. At thisstage each of the four daughter 
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cells is still connected with its neighbors through three broad 
channels, six in all, each one lying in the center of the plane 
of compression between each pair of forming cells. As the 
thickening of the mother-cell wall proceeds the six broad 
connecting channels are progressively narrowed until, at the 
last stage before complete separation, the cells, which have 
now become rounded off, remain united by pit connections which 
lie in the same planes as the six edges of the assumed tetrahe- 
dron, and thus become the middle points of the contact faces 
of the new tetrahedral pollen cells. These pit connections 
are finally severed as the cells round up and become completely 
separated by the continued thickening of the pollen mother- 
cell wall. According to Farr (1916), Gates (1925) and others, 
this method of quadripartition by furrowing is common among 
the dicotyledons. 

It is soon after the grains have separated that their sculptur- 
ing begins to appear. Its formation consists in the deposition, 
in organized form, of the material of the greatly thickened 
special mother-cell wall. As a general rule, in normal grains 
little or no suggestion of the pattern or hint of the position 
of the germinal apertures is discernible until after the separ- 
ation and rounding up of the daughter cells is complete, and 
the material of the thickening of the special mother-cell wall 
has become packed between them; consequently from an ex- 
amination of normal material, the relation of the germ pores 
to the points of mutual contact in grains which do not remain 
united is not generally apparent. 

In pollen grains which exhibit a complicated system of 
sculpturing this nearly always presents a radiosymmetrical 
pattern which is definitely related to the germinal apertures. 
For example, in the normal grains of chicory there are three 
apertures and the pattern of the sculpturing is triradiate as in 
fig. 3; it is characterized by six prominent paraporal crests, 
so called because they are arranged, one on each side of the 
germinal pores. In aberrant grains in which there are more 
than three apertures the triradiate pattern is never found, 
which shows that the numerical type of the pattern is depend- 
ent upon the number of germinal apertures. 

Fortunately in the development of the pollen grains of 
some varieties of chicory there are encountered many irregular 
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formations which show the nature of this relationship. These 
are of the kind which is generally regarded as denoting hy- 
bridity of origin. For example, in the variety known as ‘Red- 
leaved Treviso,’' a large proportion of the pollen mother cells 
do not divide; in these the material of the special mother-cell 
walls is deposited in a granular concretion on the surface, but 
such cells appear to be deficient in power to properly organize it, 
and become formless giants without germinal apertures, and with 
no suggestion of the symmetrical pattern characteristic of the 
normal grains. Yet, at least in some cases, spines are weakly 
developed, and they and the texture of the exine bear an un- 
mistakable resemblance to those of the normal grains. The 
symmetrical triradiate pattern is a haptotypic character and, 
lacking the contact stimuli, fails to develop, but the spines 
and texture are emphytic and develop, at least in part, in- 
dependently of contact stimuli. These formless giants call 
to mind the giant spores and ‘indurated asci’ recently de- 
scribed by Dodge (1928) among the progeny of his hybrid 
Neurosporas. In these occasionally an ascus produces a single 
giant spore which bears the normal surface sculpturing, or the 
ascus fails to produce any spores, becoming instead indurated 
and with the surface markings laid down on the inside of the 
ascus wall. 

In the anthers of the chicory flowers other pollen mother 
cells divide quite successfully, but the four daughter cells 
abort and become quite empty; nevertheless in these cases 
the pattern develops as typically as in the normal grains. A 
similar condition has been described by Tischler (1908) and 
others for the grains of sterile bybrids; if a pollen cell dies 
after only the first rudiments of the sculpturing are laid down, 
the pattern continues to form, and develops to completion 
even though the lumen of the pollen cell be quite empty. 

Between these two extremes are a few other types in which 
irregular pollen mother cells appear to abort during the pro- 


‘ | am indebted to Dr. A. B. Stout of the New York Botanical Garden, for 
the use of the slides upon which these observations of the developing chicory 
pollen grains were made. The plants were grown from seed obtained from 
Dippe Bros., Quedlinburg, Germany. It is interesting to note that they are 
characterized by excessive fasciation. See Stout, A.B., Duplication and 
cohesion in the main axis of Cichorium Intybus. Mem. Brooklyn Bot. Gard. 
1: 480-485. 1918. 
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cess of separation of the four daughter cells. Occasionally this 
is found to take place when the furrowing has all but completed 
the separation of the cells; with the death of the protoplast 
they become frozen, so to speak, in the final act of separation 
when each of the daughter cells is still connected with each 
of its three neighbors by the pit connections which now be- 
come extended as six narrow tubes (fig.4). Though the process 
of division is arrested with the death of the cell other pro- 
cesses continue on; the special mother-cell walls continue to 
thicken, and at their expense the pattern of the newly formed 
cells is carried nearly to completion, resulting in the phenom- 
enon of four daughter cells still united in the tetrad, but with 
the pattern of the finished cells clearly defined. And in such 
cells the pattern exhibits triradiate symmetry bearing the 
same relation to the three connecting tubes as in the normal 
grains it bears to the three germinal apertures. 

Thus it appears that in the grains of chicory the type of 
symmetry is determined by the number and position of the 
germinal apertures and these in turn, are formed at the last 
points of communication between the adjoining cells. Since 
throughout the dicotyledons the tetrad formation is prevail- 
ingly tetrahedral, giving three points of contact, we have the 
explanation of the fact that the pattern on the pollen grains 
of dicotyledons is prevailingly triradiate. This fact is the more 
remarkable since among floral and other symmetrical structures 
the pentagonal is the prevailing type of symmetry of the 
dicotyledons (see, for example, Blossfeldt, 1928), while the 
triradiate or triangular, and hexagonal symmetries are quite 
rare. We are evidently dealing in this case with phenomena 
which are to be classed in fundamentally different categories. 

As has already been pointed out in many species of di- 
cotyledons, some pollen grains in a given anther may exhibit 
certain symmetries other than the triradiate. Among the 
grains of species which are typically 3-colpate are frequently 
found a few grains that are 4-colpate, 6-colpate, and occasion- 
ally 2-colpate. How can these be related to tetrad formations? 

It was well known to Nageli (1842) that when pollen tetrads 
are formed, frequently there are a few in which the cells fail 
to get into the tetrahedral position. Two other arrangements 
which they may assume are the tetragonal and rhomboidal. 
In the tetragonal (text fig. 9) all cells are on the same plane, 
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and it is the arrangement that would result from bipartition 
with rectangular intersection with no indication of a tendency 
to readjustment toward a least surface configuration. In this 
grouping each cell makes only two points of contact with its 
neighbors. It is known to occur sometimes among dicotyledons 
and is normal for many monocotyledons. In the rhomboidal 
arrangement (text fig. 8) all four cells are in approximately 
the same plane but two cells make two points of contact and 
two make three points of contact. Such an arrangement would 
result from bipartition with rectangular intersection, as the 
tetragonal, but followed by a partially expressed tendency to 
assume the least surface configuration. This arrangement is 
called by Nageli the half tetrahedral. These two types of diver- 
gence from the tetrahedral arrangement give either all four 
cells with two points of contact, or two cells with two and two 
with three points of contact. But so far in my experience, 
grains with two are the most rarely encountered of those with 
aberrant numbers of germinal furrows; only twice have I seen 
such cases (in the pollen of a single plant of Stenotus languinosus* 
and of Hecastocleis Shockleyi). The commonest aberrant num- 
ber is four—a number of contacts which would seem to require 
at least five cells in a group. The production ofesupernumerary 
cells from the pollen mother cell appears to be a possible ex- 
planation, particularly if there are some 6-colpate grains found 
at the same time, but is less likely in the usual aberrants 
where only 3- and 4-colpate grains are found, since apparently 
the only number of cells which could consistently produce four 
contacts is five; if there should happen to be six grains formed in 
a group some would be 5-colpate, a number which is scarcely 
ever found. 

An explanation of the origin of four germinal furrows is 
found in the developing chicory pollen; among the irregular 
grains are occasionally found some ‘frozen’ tetrads arrested 
in their development in the ¢etragonal arrangement with pit 
connections at only two points in each grain. In some few such 
cases the development of the external features of the grains 
has proceeded far enough to show quite definitely that two 
germinal pores were forming at the two points of contact, as 
would be expected, but there were also two more developing 
exactly opposite these points (pl. 16, fig. 5), so that each of 


2 A specimen collected in Oregon by Cusick (No. 3282). 
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these grains originating from the tetragonal arrangement would 
have four germinal apertures and consequently four furrows. 

Thus we see that apertures are not confined exclusively 
in their development to the contact points of pit connections, 
but when these are in such a position that the cell would be 
asymmetrical, symmetry may be achieved by the development 
of supplementary apertures symmetrically placed. 

The next commonest aberrant number of apertures is six; 
this is frequently found in grains of which the normal number 
is three. It is the characteristic number in the grains of Dahlias 
which, in this respect, constitute a remarkable exception among 
the Compositae. The arrangement of these six apertures is 
always tetrahedral, (fig 6), in the sense that they occupy in 
these grains the same positions that the double furrows do in 
the tetrad grains of the Ericaceae— or that the pit connections 
do in the ‘frozen’ tetrahedral tetrads of the chicory. In other 
words the furrows lie with their long axes in the position of 
the six edges of the assumed tetrahedron. It will readily be 
seen that in this arrangement each aperture is subtended on 
the other side of the grain by another which is exactly opposite 
and with its long axis at right angles to the first. In chicory 
the cell apparently maintains its symmetry in the presence 
of two points of contact by developing four apertures. In the 
case of the Dahlia three points of contact apparently determine 
the development of three apertures, all in one hemisphere, and 
the cell maintains its symmetry by the development of three 
more exactly opposite these, resulting in the hexacolpate form 
of the Dahlia pollen grain. 

These observations lead us to the conclusion that the number 
and arrangement of the germinal furrows in the grains of most 
dicotyledons is determined by the tetrahedral or other arrange- 
ment incident to their formation in tetrad. And, in as much 
as the numerical type of symmetry of the pattern is determined 
by the position and number of the germinal apertures, it may 
be stated that the number and arrangement of the elements 
in the symmetry patterns of pollen grains is a haptotypic 
character; that is to say is the result of their cellular inter- 
relations and directly due to the conflict of the law of biparti- 
tion with rectangular intersection, contending with the tend- 


ency to assume the least surface configuration. 
YONKERS, NEW YORK 
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Explanation of plate 16 

All figures were drawn free-hand from studies made with a Zeiss 2 mm. 
apochromat objective, n.a. 1.3, and a 10 X ocular. 

Fig. 1. Pollen grain of Azalea showing four cells closely packed in the 
tetrahedral arrangement. Each of the three furrows of the individual cells 
is continuous with one furrow of each of its three neighbors and the apertures 
are formed at the edges of the contact faces. 

Fig. 2. Pollen grain of Salpiglossis sinuata showing four cells very loosely 
united in the tetrahedral arrangement. The furrows are continuous but the 
apertures are on the equators of the cells. 

Fig. 3. Pollen grain of Scolymus, polar view, showing the three germinal 
apertures and triradiately symmetrical pattern. The pattern here shown is 
exactly duplicated on the other side, for proximal and distal hemispheres 
are always alike. This grain is essentially the same as that of chicory (cf. 
Wodehouse, 1928, pl. 20, fig, 14). 

Fig. 4. A chicory pollen tetrad in the tetrahedral arrangement, arrested 
in its development by abortion, just before the final separation of the four 
daughter cells. The triradiate sculpturing has been omitted from the drawing. 

Fig. 5. A chicory pollen tetrad in the tetragonal arrangement, optical sec- 
tion, showing the development of two accessory germ pores opposite the two 
pit connections. 

Fig. 6. Pollen grain of tree Dahlia, showing three germinal furrows, all in 
one hemisphere, and with their axes directed radially in the figure. There are 
three more apertures in the other hemisphere, with their axes directed tan- 
gentially. 
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The flowering of Lemnaceae 


ALBERT SAEGER 
(WITH PLATES 17-19) 


During the summers of 1927 and 1928 Spirodela polyrhiza 
(L.) Schleiden, Lemna minor L., and Wolffia papulifera C. 
H. Thompson were found abundantly in flower in a pond 
near Columbia, Missouri. While flowers of L. minor are 
not uncommon, those of S. polyrhiza have long been con- 
sidered a botanical rarity, and flowering specimens of W. 
papulifera have, to the writer’s knowledge, never before been 
reported. 

Flowering in S. polyrhiza and W. papulifera is probably 
associated with some local conditions in the pond in which 
they are found. Although many other ponds within a radius 
of twenty miles were found with an abundance of Spirodela, 
and at least one other with W. papulifera, in none of them did 
a careful search reveal any flowering. The factors that are 
associated with the flowering of these Lemnaceae (duckweeds) 
are unknown, but sufficient observations have been made on 
this and other ponds to suggest experiments to determine their 
nature. These plants should serve as very favorable material 
for the study of flower production. They are small and can 
be grown under carefully controlled conditions, and they 
do not flower readily. 

The family Lemnaceae includes four genera of about 
26 known species. Records of their flowering follow. 


SPIRODELA 


Our knowledge concerning the flowers of S. polyrhiza 
is based largely upon a collection by W. H. Leggett (1870a).' 


1 It is perhaps fitting, on the sixtieth anniversary of the discovery of 
flowers of Spirodela for the first time in America by Mr. Leggett, the founder 
of the Bulletin of the Torrey Club, to call attention to the fact that these 
notes on Lemnaceae brought out by Mr. Leggett and his correspondents were 
practically the first contributions to scientific botany published in this 
journal. The present editor has welcomed this historical review in the hope 
that it will stimulate a revival of interest in field observation and study of 
conditions of flowering in this family on the part of members of the Club and 
others. It may also be noted that this year marks the bicentenary of the 
publication of illustrations of flowers of Lemna by Micheli in Italy.—T. E. H, 
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He found them in July, 1869, in ‘two little hollows filled 
with water’ on Staten Island, New York, intermingled with 
Lemna perpusilla Torrey, also in bloom. Leggett sent specimens 
to John Torrey, G. Engelmann, C. F. Austin (who had 
written the account of the Lemnaceae in the newly published 
5th edition of Gray’s Manual), and to F. Hegelmaier, the mono- 
grapher of the family. Dr. Torrey identified the plants and 
wrote: ‘You have been very fortunate in detecting the flowers 
and fruit of a plant that is so rarely seen in such a condition, 
notwithstanding it is abundant in almost every part of the 
world.’ Engelmann (1870) gave a somewhat detailed descrip- 
tion of the flowers and fruit. Austin responded with a brief 
description of the fruit, accompanied by seven roughly drawn 
figures (Leggett, 18706). Hegelmaier also identified the speci- 
mens as S. polyrhiza and commented: 

The flowers and fruit of Spirodela rank among the greatest botanical 
rarities. I myself, though working some years on these plants, and examining 
rich materials of them both living and dried, have never before seen the 
flowers and fruit; and, in fact, they have been seen only by a few authors. 

These authors were Willdenow (1805, p. 196), Schleiden 
(1839) in Germany, who found flowers with undeveloped pistils 
(pp. 386, 391); and Griffith (1851) in India, who described and 
illustrated the flowers and fruit of Lemna major, no doubt 
synonymous with S. polyrhiza. The discovery of the flowers 
of this species is credited by Wiggers (1780) to an enthusiastic 
young botanical student named Grauer, who had earlier found 
those of Lemna gibba. In the literature one also finds state- 
ments that Nees von Esenbeck had seen the flowers (Hoffmann, 
1840, p. 230; Ludwig, 1909, p. 78).? 

Some months after receiving a second lot of specimens 
(in alcohol) from Leggett, Hegelmaier (1871) published 
a detailed description of the flowers and fruit of S. polyrhiza. 

2 The statement that Linnaeus also had seen flowers of Spirodela polyrhiza 
is doubtless due to a misinterpretation of a note by Willdenow, loc. cit., in the 
so-called 4th edition of Species Plantarum: ‘Flores Lemnae minoris et polyrhizae 
saepius vidi, Lemnae gibbae observarunt Ehrhart, Micheli et alii, hujus, nempe 
Lemnae trisulcae, primus omnium detexit Wolf, l.c. In L. arrhiza et obovata vero 
flores nemo adhuc vidit. W.’ This signature of the initial ‘W’ shows clearly 
that the note is the personal statement of Willdenow. Wiggers (1780, p. 67), 


moreover, a late contemporary of Linnaeus, indicates that Lemna minor was 
the only species in which the latter saw flowers. 
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This is a comparative account of the floral structure of the 
species of Lemnaceae. In it he reconsiders his former view that 
the sexual complex is to be taken as an inflorescence, and now 
considers it a single flower. The plate accompanying his article 
gives a clear conception of the floral anatomy of Spirodela. 
The description and some of the figures are repeated in a later 
work (Hegelmaier, 1878). Brief reviews of Hegelmaier’s account 
soon followed in Germany,’ and in the Bulletin of the Torrey 
Club by Engelmann (18710). 

Spirodela was again seen in flower by Gillman (18710). 
He found Lemna minor, L. trisulca, and S. polyrhiza (the last 
in the majority) blooming together in a pond on Belle Isle 
in the Detroit River, Michigan, July 30, 1871. Previously, 
June 7, 1870 he had found L. minor in flower at Eaton Rapids, 
Michigan. Ten years later on July 24, Gillman (1881) again 
found S. polyrhiza abundantly in flower in the same pond 
on Belle Isle. The flowers seen were in every stage of develop- 
ment up to the seed. He believed that the shade of overhanging 
vegetation favored the production of flowers, a view that does 
not agree with the writer’s observations. 

Rostowzew (1901), quoted by Ludwig (1909), must also 
have seen S. polyrhiza in flower in the vicinity of Moscow. 
Dalgliesh (1926) states that the flowers of this species are 
unknown in Great Britain. Vuyck (1895a) found the species 
occurring commonly (Netherlands) but reproducing exclusively 
vegetatively. 

Information concerning the flowering of the other species 
of Spirodela is also fragmentary. S. punctata (Meyer) Thomp- 
son was collected by Capt. Wilkes, U.S.N., at Tierra del 
Fuego, South America in 1839, and the flowers were described 
by Thompson (1898, p. 8). Kurz (1865) found S. oligorhiza 
Kurz in bloom, and gave a description accompanied by six 
figures, which Hegelmaier describes as ‘aiusserst roh.” The 
Australian species, S. pusilla Hegelm., is said to bloom more 
often than the others mentioned (Hegelmaier, 1895, p. 285). 


LEMNA 


The flowers and fruit of various species of Lemna have 
been studied more extensively. Micheli (1729), Ehrhart 


3H.S. Hegelmaier’s Die Lemnaceen. Bot. Zeit. 27: 133-136. 1869. 
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(1779), Wolff (1801), Palisot (1816), Wilson (1830), Brongniart 
(1833), Richard (1833), Schleiden (1839), and Dalgliesh (1926) 
found the flowers of L. gibba L. The studies of Micheli, Wolff, 
Palisot, Richard, and Brongniart are accompanied by de- 
scriptive plates.‘ Flowers of L. minor L. were known to Lin- 
naeus (1763), Ehrhart (1779), and Schleiden (1839), and were 
described in detail by Wolff (1801), Ludwig (1881), Trelease 
(1882), Vuyck (1895a), Kalberlah (1895), and Rostowzew 
(1901, 1905). The latter’s figures of the seed and embryo of 
L. minor are reproduced in Goebel’s (1921) critical morpholog- 
ical study of Lemnaceae. Perhaps the most detailed study of 
the life history of any of the Lemnaceae is that of L. minor 
by Caldwell (1899). L. trisulca L. was seen in flower by Wolff 
(1801),5 Schleiden (1839, p. 386), Gillman (1871), Vuyck 
(1895), Kalberlah (1895), and Rostowzew (1901). L. perpusilla 
Torrey (1843), originally described from flowering plants 
collected on Staten Island, was again found blooming there by 
Leggett (1870a), as noted above; the development of its embryo 
has been studied by Blodgett (1914, 1923), who repeatedly 
found flowers, but did not publish the station. Hegelmaier 
(1895) reported having received plants of L. valdiviana Philippi 
with flowers and fruit collected in New Jersey by Austin. No 
doubt many others have observed species of this genus in flower. 

Lemna minor, apparently, blooms quite readily. The writer 
has grown this species in all stages of flowering and fruiting 
through the months September to May in a dilute mineral 
solution such as that used for Spirodela in previous studies 
(Saeger, 1925). Concerning the causes of flowering in this 
instance one can only, in the absence of more experimental 
data, agree with Vuyck (1895a): ‘Voorloopig wensch ik mij 

* Micheli’s very clear figures (in his plate 11, fig. 1) of flowers of his 
plant described as Lenticula palustris major, inferne magis convexa, fructu 
polyspermo, found growing in abundance at Florence, are said by Ehrhart to 
agree very exactly with his flowering plants of Lemna gibba found at Hannover 


fifty years later. Linnaeus (1763, p. 1376) also accepts this plant of Micheli as 
dentical with his L. gibba. 

§ This Johann Friedrich Wolff (1778-1806), who knew the flowers of at 
least three species of Lemna is indicated by Pritzel and elsewhere as the man 
commemorated in the genus Wolffia, although not designated in the publication 
of the genus by Schleiden (1839). 

6 This species was described as L. Torreyi Austin (seed included) in Gray’s 
Man. ed. 5. p. 479.1867. 
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niet in onvruchtbare beschouwingen te verdiepen’ (For the 
the present I do not wish to engage in fruitless speculation). 
Cultures of other species of Lemna grown under similar 
conditions have failed to flower. 


WOLFFIA 


The species of Wolffia known in the flowering state are: 
W. brasiliensis Weddell (1849); W. arrhiza (L.) Wimmer 
(Franchet, 1864); W. columbiana Karsten (1865); W. hyalina 
(Delile) Hegelm., W. repbanda Hegelm., and W. Welwitschii 
Hegelmaier (1865, 1868). Weddell described in detail the 
flowers and fruit of W. brasiliensis, adding a plate of 27 figures. 
Karsten (1865, p. 103) based his description and figures of 
W. columbiana on flowering plants from South America: 
flowers were also reported from Detroit, Michigan by Austin 
(1870). The flowers of W. microscopica Griff. and of W. cylind- 
racea Welw. are unknown. 

W. papulifera Thompson is apparently known only from 
Missouri, having been collected by B. F. Bush near Kennett, 
in 1895, and in 1897 near Columbia, by C. H. Thompson (1898). 
The flowers were unknown until found by the writer during 
the summers of 1927 and 1928 (see plate 19). Sufficient material 
was collected at the time to serve as a basis for a study which 
it is hoped will be completed later. 


WOLFFIELLA 


In this genus of four known species no flowering has ever 
been observed. It would be of interest to know whether 
the sexual method of reproduction has been entirely replaced 
by the vegetative method, or whether fertile flowers might 
still be produced under appropriate conditions. Certainly 
there are some opportunities here for experimentation. 

In the more recent instances where flowering of Spirodela 
polyrhiza was observed (Leggett, Gillman, Saeger) it may be 
noted that there were always one or more other species of 
duckweeds blooming in the same pond, at about the same time 
(see plates 17, 18). Even the meager field observations made 
in each case indicate that some local conditions, character- 
istic of the particular pond in which the specimens occurred, 
were closely associated with the flowering of these plants. 
The indications are that the chemical composition of the pond 
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water is an important influencing factor. It is hoped that the 
production of flowers in S. polyrhiza, now a botanical rarity 
observed by a few, will become an experimental commonplace. 


SUMMARY 

1. The rarely observed occurrence of flowers of Spirodela 
polyrhiza (L.) Schleiden is again reported. 

2. The occurrence of flowering specimens of Wolffia papu- 
lifera Thompson, hitherto unknown, is reported. 

3. A brief review is given of flowering records of the species 
of Lemnaceae. 

Thanks are here expressed to the Missouri Botanical 
Garden for the use of its extensive library and herbarium 
facilities. 


DEPARTMENT OF BOTANY 
UNIVERSITY OF MISSOURI 
CoLuMBIA, Missouri 
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Explanation of plates 17-19 

Plate 17. Spirodela polyrhiza (L.) Schleiden, a specimen in bloom: the 
arrow indicates the stamen, visible from above. Accompanying species: 
Lemna minor L. (2) and Wolffia papulifera Thompson (3). 

Plate 18. Lemna minor L., specimens in bloom: arrows indicate the sta- 
mens. Accompanying species: Wolffia papulifera Thompson (2) and Spirodela 
polyrhiza (L.) Schleiden (3). 

Plate 19. Wolffia papulifera Thompson, specimens in bloom: arrows indi- 


cate flowering specimens. 
All from photographs by F. J. Barham, August 10, 1927. Magnification, 
11 diameters. 
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Pilacre faginea proves to be a heterothallic fungus 
ANGIE M. BECKWITH 


In their paper, ‘The Life History of Pilacre faginea (Fr.) 
B. & Br.,! Shear and Dodge made the statement incidentally 
that this fungus developed basidia in certain cultures which 
were presumed to be single spore cultures. Their statement 
was based on culture work done by the writer. They pointed 
out, however, that some of the cultures remained sterile, 
producing only conidia. With this in mind, they later suggested 
to the writer that further work should be done, as there ap- 
peared to be evidence that the cultures which had fruited may 
have contained two strains. The morphology of the conidial 
and basidial stages has been described in the paper referred 
to. The writer has recently proved that single spore cul- 
tures do not develop basidia. They are produced only when two 
strains of opposite sex are grown together. Due to the small 
size of the spores and the slowness of germination, great care 
is necessary to avoid the possibility of an ungerminated spore 
being carried into the culture with the germinating one and 
later producing a mycelium. 

Basidiospores from a specimen on the bark of dead sycamore 
were plated out and single germinating spores transferred 
to corn meal agar slants on November 23, 1926. Five single 
basidiospore cultures, labelled 1, 2, 3, 4, and 5, were thus 
obtained. None of these monosporous cultures ever produced 
basidiocarps, nor did any of the numerous subcultures made from 
them. At least five tubes each were made of all possible com- 
binations of these five haplonts, and fifteen cultures each of the 
combinations 1+2, 1+5, and 2+5. The result of these cultures 
was that all combinations with 1 produced basidiocarps, but 
all other combinations had only conidia. 

From the behavior of these cultures, it seems evident that 
the fungus is heterothallic, mycelium no. 1 being regarded as 
haplont A and the others as haplonts B. Since there were so 
few strains involved, it was deemed advisable to test more 
monosporous cultures. Accordingly, basidiospores from com- 
bination culture 1+2 were isolated, and six monosporous 


' Jour. Agr. Res. 30: 407-417. 1925. 
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cultures made, numbered 7, 11, 12, 13, 14, and 15. These 
were transferred to large tubes of potato dextrose agar. Each 
of these cultures was combined with the monosporous cultures 
1 and 2 which had been shown to be of opposite sex. In a 
little over two months basidiocarps were formed in all the 
combinations with 2 and none in the combinations with 1, 
indicating that cultures 7, 11, 12, 13, 14, and 15 were haplonts 
A. By growing monosporous strains in pairs in various com- 
binations, it has been shown that mycelia 1, 7, 11, 12, 13, 14, 
and 15 are of one sex, and haplonts 2, 3, 4, and 5 are of the 
opposite sex, although not all the possible combinations were 
made. All possible combinations, however, were made between 
1, 7, 11, 12, 13, 14, and 15, but they failed to produce basidio- 
carps, as did combinations of 2, 3, 4, and 5. For example, ten 
cultures of 1 with each of haplonts 2, 3, 4, and 5 gave basidio- 
carps, but 2, 3, 4, and 5 in any combination remained sterile. 
Further studies are being made, and the complete results 
will be published later. 


BUREAU OF PLANT INDUSTRY 
WasHINGTON, D. C. 











The genus Weinmannia in northern South America 


E. P. Kicirp ANp A. C. SMITH 
(WITH TWO TEXT FIGURES) 


The genus Weinmannia (Cunoniaceae) is widely distributed 
in the mountainous regions of the New World, ranging from 
Mexico to Chile and Argentina, and occurring also in the West 
Indies, British Guiana, and Brazil. Several species likewise 
are found in the Old World. 

In the excellent monograph by Engler (Linnaea 36: 592-650. 
1869-70) about twenty species are recorded from British 
Guiana, Venezuela, Colombia, and Ecuador. Since the publica- 
tion of this, some fifteen additional species have been described 
from this area. Unfortunately many of these are not represented 
by type or authenticated material in the herbaria of the United 
States, and we have seen only a small portion of the collections 
in European herbaria. The differences between the species 
consist mainly in leaf characters, and, in the absence of this 
material, we have frequently been unable to find satisfactory 
points of differentiation. We have hesitated definitely to reduce 
species known to us only by description, and therefore, in some 
cases, we have merely indicated the probable relationship. 

The American species of the genus seem naturally to fall 
into two groups, those with simple leaves and those with com- 
pound leaves. However, even this division is not wholly satis- 
factory, as W. crenata, a species which usually has one or two 
pairs of leaflets, occasionally has simple leaves, and on the 
other hand, W. heterophylla and W. auriculifera, species with 
the leaves normally simple and sometimes auricled at the base, 
occasionally have the auricles distinct to the rachis. 

Among the compound-leaved species the principal groups 
may be differentiated by the leaves being 1- to 3-jugate or 
3- to 12-jugate, by the presence or absence of an indument 
on the ovary and capsule, and by the texture of the leaves. 

The herbaria in which specimens we have examined are 
deposited are indicated thus: Arnold Arboretum (A) ; Botanisch- 
er Garten, Berlin (B); Gray Herbarium of Harvard University 
(G);U.S. National Herbarium (N);New York Botanical Garden 
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KEY TO SPECIES 
1. Leaves simple, auricled, or once-jugate (the lateral leaflets always much 
reduced when present). 
Leaf blades less than 3 cm. long. 
Habit compact; leaves rounded or subcordate at the base; racemes more than 
2 cm. long with fascicles scattered along most of the length. . 
. W. Karsteniana. 
Habit lax; leaves attenuate to the sessile base; racemes less than 2 cm. 
long with fascicles clustered near the apex. ..2. W. laxiramea. 
Leaf blades 4—12 cm. long. 
Leaves usually obovate, obtuse or subobtuse at apex, abruptly attenuate 
at base. 
Petioles short (less than 5 mm. long); leaves glabrous above; racemes 
not branched phi umtind oa .3. W.  calothyrsa. 
Petioles 8-10 mm. long; leaves pilose above; racemes branched... .. 
4. W. Lehmannii. 
Leaves ovate or ovate-oblong. 
Leaves often auricled at base or once-jugate. 
Racemes at anthesis not more than 1 cm. wide; pet re of the jugate 


leaves with wings narrow or lacking...... W. auriculifera. 
Racemes at anthesis about 2 cm. wide; petioles of ‘the jugate leaves 
broadly winged (wings about 3 mm. wide).. . W. heterophylla. 
Leaves always simple. 
Ovary and capsule pilose... .7. W. caucana. 


Ovary and capsule glabrous. 
Upper surface of leaves hirsutulous. 
Leaves oblong or ovate-oblong, not more than 4 cm. long and 
3 cm. wide.... 8. W. Rollottii. 
Leaves broadly ovate, 5-7 cm. long, about 4 cm. wide. ; 
9. W. latifolia. 
Upper surface of leaves glabrous 
Leaves 2.5-3.5 cm. long. 10. W. elliptica. 
Leaves 5-12 cm. long. 
Nodes of the branchlets much enlarged; leaves subsessile; fas- 
cicles crowded on the racemes (about 7 per cm.). é 
11.W.m acrophylla 
Nodes of the branchlets scarcely enlarged; leaves distinctly 
petiolate; fascicles scattered on the racemes (about 4 per cm.). 
12. W. Balbisiana. 


B. Leaves compound, the leaflets never reduced to auricles (leaves occasion- 
ally simple in no. 13). 


Leaves 1—3-jugate. 


Racemes 6-12 cm. long; leaves more than 4 cm. long; leaflets more than 2 
cm. long. . .13. W. crenata. 

Racemes 1-5 cm. long; leaves less than 3 cm. long; leaflets less than 1.5 cm. 
long 


Terminal leaflet (if present) about equal to the lateral ones; racemes 
(including peduncles) not exceeding 2 cm. in length; calyx lobes 
1.5—1.8 mm. long. 

Leaves 2—2.5 cm. long; leaflets 1-1.5 cm. long; racemes cylindric, 1.5-2 
cm. long; styles less than 1 mm. long.. . ..14. W. guyanensis. 
Leaves .5—1.5 cm. long; leaflets 6-9 mm. long; racemes subcapitate, 
about 1 cm. long; styles about 1.5 mm. long. .15. W. microphylla. 
Terminal leaflet larger than the lateral ones; racemes (including peduncles) 
4-5 cm. long; calyx lobes 1-1.2 mm. long.. ...16. W. stenocarpa. 
Leaves 3 -12-jugate. 
Ovary and capsule glabrous (rarely faintly pilosulous). 
Leaflets subcoriaceous, flattened when dried. 
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Leaflets crenate only towards the apex (crenations 1 to 3 per side), 4 to 8 
SOE, (NG. 5 bc <a iran eee ......17. W. fagaroides. 
Leaflets crenate or serrate along the entire margin (or at least with the 
crenations more than 3 per side). 
Leaves pilose above; margins of the leaflets tightly revolute.... 
18. W. vegasana. 
Leaves glabrous above; margins of the leaflets not revolute. 
Terminal leaflet nearly twice as large as the lateral ones (about 
fF SS Ree sae ...19. W. platyptera. 
Terminal leaflet equaling the others or only slightly larger (less 
than 4 cm. long). 

Leaves, including petioles, averaging less than 3 cm. long; 
petioles less than 4 mm. long; leaflets crowded (wings 5 mm. 
eee ee pay te ........20. W. venesuelensis 

Leaves more than 3 cm. long; petioles at least 4 mm. long; 

leaflets separated (wings 6-13 mm. long). 
Petiole invariably winged (sometimes narrowly and only in 
Er BOR. os nce veves sheer) .21. W. caripensis. 
Petiole without wings. 
Pedicels about 2 mm. long (occasionally 2.5 mm.). 
Floral leaves much reduced, often simple; main leaves with 
leaflets 2-3 cm. long, the wings 6-12 mm. long.... 
22. W. descendens 
Floral leaves not much reduced; main leaves with 
leaflets 1-2 cm. long, the wings rarely exceeding 6 mm. 
“Riper fore or ...23. W. Stuebelit. 
Pedicels 3 mm. long or more; leaflets 7-11 pairs...... 
24. W. multijuga. 
Leaflets thick-coriaceous or fleshy, becoming sulcate when dried. 
Wings between the the leaflets always present. 
Racemes less than 5 cm. long; leaflets less than 1 cm. long, attenuate 
OE Gs <cewease Or ee tte ES Ht ..25. W. Mariquttae. 
Racemes 6-10 cm. long; leaflets 1-2 cm. long, subacute at base. 
26. W. Engleriana. 
Wings between the leaflets lacking or present only between the upper 
leaflets. 
Stipules small; wings between the leaflets broadly semi-oblong, atten- 
uate towards the base, lacking between the inferior leaflets. ... .. 
27. W.  sulcata. 
Stipules large (about 1 cm. across); wings between the leaflets rarely 
present (when present very narrowly semi-oblong). 28. W. Trianae. 
Ovary and capsule uniformly pilose. 
Leaflets less than 8 mm. long, the margins entire, revolute............. 
29. W. tomentosa. 
Leaflets more than 8 mm. long, the margins serrate or crenate, not revolute 
(or barely so). 
Both sides of the leaflets pilose (rarely glabrous above). 
Leaflets more than 1 cm. broad... .. a ...30. W. pubescens. 
Leaflets less than 1 cm. broad......; 30a. W. pubescens popayanensis. 
Both sides of the leaflets glabrous, or faintly pilose on the larger 
MOUs sot coe cies FENCE Oe Dee peer .31. W. Lansbergiana. 


1. W. KARSTENIANA Szyszy. Oesterr. Bot. Zeitschr. 40: 
41. 1890. An excellently marked species which seems endemic 
to the mountains of western Venezuela. It is readily identified 
by its small subcordate leaves and by its compact habit. 

VENEZUELA: Trujillo: Paéramo de Jabén, 3100 m., Jahn 
94 (N). 
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2. W. laxiramea, sp. nov. Small tree or shrub with branch- 
lets elongated, lax; branchlets and racemes ferruginous- 
tomentose with crisp spreading hairs about .4 mm. long; 
internodes 2-4.5 cm. long; stipules somewhat semielliptic, 
about 2 mm. in diameter, deciduous; leaves simple, ovate or 
nearly obovate, 1.5—2.8 cm. long,.8-1.8 cm. wide, rounded 
at apex, attenuate and practically sessile at base, glabrous 
throughout, coriaceous, lustrous, serrate in the upper one- 
half or two-thirds, the serrations 3—6 per side (about 3 per cm.), 
acutish, callous-thickened at apex, the veins arcuate-ascending, 
ramifying near the margin, 4-6 per side; racemes axillary or 
terminal, in pairs, 1.5—-2 cm. long; fascicles clustered near the 
apex, 2-6-flowered; bractlets about .5 mm. in diameter; 
pedicels 2.5-3.8 mm. long, sparsely strigulose; calyx-lobes 
lance-ovate, blunt, glabrous, 1.6-1.9 mm. long; petals red, ob- 
long, rounded, about 2 mm. long; stamens 3-3.8 mm. long; 
ovary ovoid, 1—1.4 mm. long, glabrous; styles 1.6—2.4 mm long. 


Type, Tate 395, collected Nov. 24, 1927, on summit of 
Mt. Roraima, British Guiana, and deposited in the herbarium 
of the New York Botanical Garden. Another collection from 
the same locality is: Jenman 327 (N). 

A well marked species, apparently endemic to Mt. Roraima, 
distinguished from W. Karsteniana Syzszy. by its lax habit and 
its attenuate-based leaves. 

3. W. cALoTHYRSA Diels, Bot. Jahrb. 37: 413. 1906. This 
species is characterized by very thick obovate leaves. It ap- 
parently is confined to the Popaydn region of Colombia. 

CoLomBIA: Dept. El Cauca: Popaydn, 1500-2000 m., 
Lehmann 5418 (B, type), Lehmann B. T. 1064 (Y), B. T. 1065 
(Y), B. T. 1066 (Y). Rio Ortega, north of Tambo, 2000-2100 m., 
Pennell & Killip 8055 (N, Y). 

4. W. LEHMANNI! Hieron. Bot. Jahrb. 20: Beibl. 49: 21. 
1895. We have not seen specimens of this species, concerning 
which Hieronymus writes: ‘foliis supra subtusque parce hirto- 
pilosis’ and ‘inflorescentia composita, terminale, trifida, ramis 
bifidis vel trifidis; pseudoracemis binis vel ternis.’ These points 
and the longer petioles, seem to distinguish it from W. calo- 
thyrsa. 

Type from Colombia: Antioquia, Lehmann 7433. 

5. W. AURICULIFERA Hieron. Bot. Jahrb. 20: Beibl. 49: 
22. 1895. A species with variable coriaceous leaves and numer- 
ous slender spikes, easily distinguished from allied species. 
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CoLomBIA: El Cauca: Highlands of Popayan, 1600-1800 m. 
Lehmann 7710 (B, type; N), Lehmann B. T. 1063 (Y), B. T. 
1264 (Y). Rio Sucio, west of Popaydn, 1900 m., Pennell & 
Killip 8198 (N). 

6. W. HETEROPHYLLA H. B. K. Nov. Gen. & Sp. 6: 53. 
pl. 522. 1823. A species which suggests W. auriculifera in its 
once-jugate or auriculate leaves, but which differs in its thicker 
racemes and broadly winged petioles. 

Type from Colombia: Cundinamarca, near Bogota. 

7. W. cAUCANA Killip, Journ. Washington Acad. Sci. 16: 
568. 1926. This is the only species in the simple-leaved group 
having pilose ovaries. 

CoLomBIA: El Cauca: Morales, 1680-1720 m., Pennell & 
Killip 8306 (N, type). Rio Piendamo north of Popay4n, 
1700 m., Pennell & Killip 8286 (N, Y). 

8. W. Rotiotti Killip, Journ. Washington Acad. Sci. 16: 
568. 1926. The leaves of this species are smaller than those of 
its immediate relatives and in addition are hirtellous above. 

COLOMBIA: Cundinamarca: Paéramo de Guasca, Ariste Jos- 
eph A476 (N,type). Tolima: Higher reaches of the Quindio, 
2400 m., Dawe 802 (Y). El Cauca: Las Escaleretas, Moras 
Valley, Rio Paez basin, 2800 m., Pittier 1378 (N); West Andes 
of Popayan, 2800 m., Lehmann 8536 (Y). The Lehmann 
specimen, consisting only of inflorescence and floral leaves, 
may not belong here. 

9. W. LATIFOLIA Presl, Rel. Haenk. 2: 51. 1831.—W. rugosa 
Benth. Pl. Hartw. 132. 1844. We have seen no specimen of 
this. Engler considers W. rugosa, based on a Hartweg plant 
from Loja, a synonym of W. latifolia. From the drawing of a 
single leaf (Martius, Fl. Bras. 14*: pl. 38, f. 1.), the blades are evi- 
dently much larger and proportionately broader than in the 
case of other species of this immediate relationship. 

10. W. ELtiptica H. B. K. Nov. Gen. & Sp. 6: 50. 1823. 
The single Humboldt specimen was collected near Loja, Ecua- 
dor. Engler has modified the description to include collections 
from British Guiana and Venezuela which probably are better 
referable to W. Balbisiana. True W. elliptica is apparently a 
species with small subsessile leaves. 

11. W. MACROPHYLLA H.B. K. Nov. Gen. & Sp. 6: 51. 1823. 
The largest leaved species in our range, its size emphasized by 
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the large nodes of the branchlets and the large numerous 
stipules. 

EcuaAporR: Loja: Between La Toma and Loja, 1800-2600 
m., Hitchcock 21435 (N,Y). Without locality, Jameson (U.S.N. 
H. 700,163). 

12. W. BALBISIANA H. B. K. Nov. Gen. & Sp. 6:51. pl. 520. 
1823.—' W. ovata Cav.’ H. B. K. Nov. Gen. & Sp. 6: 52. 1823. 
W. Kunthiana D. Don, Edinb. Phil. Jour. 9: 85. 1830. W. lam- 
prophylla Diels, Bot. Jahrb. 37: 412. 1906. The specimens 
cited below appear to represent a single species, although they 
show a certain amount of variation in shape and texture of 
the leaves and in the proportionate length of the racemes. 
Although we have not seen type material of W. Balbisiana, we 
are unable to find any important difference between the ex- 
cellent drawing and diagnosis of the plant given by Kunth 
and the type material of W. lamprophylla. Kunth’s descrip- 
tion of a Humboldt plant collected at Bogota which he referred 
to W. ovata Cav., and which was later described as W. Kunthi- 
ana, fails to point out satisfactory features of differentiation 
from W. Balbisiana. W. ovata Cav. is a Peruvian plant of 
which we have seen no authentic material. It may possibly be 
conspecific with W. Balbisiana, although if Pennell’s 14099 
from Cuzco, Peru, is true W. ovata, that species is quite dis- 
tinct in having very thick leaves with strongly reticulate veins, 
and capsules fully twice as large as the Colombian specimens. 

W. laurina H. B. K. apparently is this relationship. The 
type locality is not given, and it may not be within our area. 
We have seen no specimens which agree with the description. 

VENEZUELA: Mérida: Moritz 1141 (N). Pdramo de Qui- 
rora, 2000 m., Jahn 712 (N, Y). Paéramo La Trampa, 2100 m., 
Jahn 996 (N, Y). Pdaramo del Morro, 2700 m., Jahn 1074 
(N, Y).—Co.Lomsia: Norte de Santander: Between Mutiscua 
and Pamplona, 2700 m., Killip & Smith 19766 (A, G, N, Y). 
El Cauca: Andes west of Popaydn, 2800-3200 m., Lehmann 
5416 (B, type of W. lamprophylla; N, photo). La Gallera, 
1800 m., Killip 7898 (N, Y).—Ecuapor: without locality, 
Jameson (U.S. N. H. 534,631). 

13. W.CRENATA Presl, Rel. Haenk. 2:51. 1831.—?W. sorbi- 
folia H. B. K. Nov. Gen. & Sp. 6: 57.1823.—?W. Spruceana 
Engl. Linnaea 36: 607. 1869-70. The specimens cited below 
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show a certain amount of variation in the cutting of the leaves 
and the shape of the leaflets. In a few of the specimens simple 
leaves are found, in others there are three pairs of leaflets. The 
rachis usually is rather broadly winged, although in some speci- 
mens it is scarcely winged at all. The shape of the leaflets varies 
from narrowly elliptic-oblong to broadly ovate. About half the 
specimens cited have glabrous ovaries; in the others the ovaries 
and capsules are faintly or densely pilose. It is doubtful if more 
than one species is represented, although some of the Santander 
specimens suggest W. Balbistana. It seems unlikely that a 
species as common as this appears to be in Colombia would have 
been overlooked by Humboldt, and possibly it was described 
under the name of W. sorbifolia. However, certain details in 
the description of that species, such as serrate leaflets with the 
mid-nerves pilosulous beneath, do not agree at all with material 
which we have seen. The type locality of W. sorbifolia is given 
merely as ‘Nova Granata?’. 

W. Spruceana, known to us only by description, is perhaps 
a form of this. 

VENEZUELA: Mérida: Paéramo de Canagué4, 1900 m., Jahn 
914 (N), 915 (N). Tachira: Guaraqué, 1700 m., Jahn 93 (N). 

—COLOMBIA: Norte de Santander: Pamplona, 2200 m., Killip 
& Smith 19797 (A,G,N, Y). Toledo, 1800 m., Killip & Smith 
20050 (A, G, N, Y). Santander: Las Vegas, 2600 m., Killip 
& Smith 16109 (A, G, N, Y). Suraté, 2200 m., Killip & Smith 
16745 (A, G, N, Y). La Baja, 2700 m., Killip & Smith 18041 
(A, G, N, Y). Charta, 2000 m., Killip & Smith 18887 (A, G, 
N, Y), 19305 (A, G, N, Y). Tona, 2000 m., Killip & Smith 
19461 (A, G, N, Y), 19516, (A, G, N, Y). Cundinamarca: 
Chipaqué, 2600 m., André 909 (Y). Bogota, Ariste Joseph 
B107 (N). Pdéramode Guasca, Ariste Joseph B108 (N). Huila: 
Neiva, 1300 m., Rusby & Pennell 1057 (N, Y), 544 (Y). 
Antioquia: Titiribi, Toro 349(Y). El Cauca: Pedregal, 1600 
m., Lehmann 6668 (N).—Ecuapor: Loja: Las Juntas, Lehmann 
4980 (N, Y), cited by Hieronymus as W. cinerea R. & P. (Bot. 
Jahrb. 20: Beibl. 49: 24). 

14. W. GUYANENSIS Klotzsch, ex Engler in Linnaea 36: 605. 
1869-70. A well marked species apparently endemic to Mt. 
Roraima. The leaflets bear a strong resemblance to the simple 
leaves of W. laxiramea K.& S., which has possibly been con- 
fused with it in many herbaria. 
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BRITISH GUIANA: Mt. Roraima, summit, Tate 387 (Y). 

15. W. MicROPHYLLA H. B. K. Nov. Gen. & Sp. 6: 54. 
pl. 523. 1823.—? W. cochensis Hieron. Bot. Jahrb. 21: 310. 1895. 
A species ranging from southern Ecuador to the Cauca Valley 
of Colombia, distinguished by its small leaflets and short 
racemes, the flowers of which are clustered near the apex. 

Hieronymus likens W. cochensis to W. fagaroides H. B. K., 
but we are not able to distinguish it from W. microphylla. 
We have seen none of the numerous Stuebel collections cited 
as this by Hieronymus. 

CoLomBIA: Cauca: Paramo de Buena Vista, Huila Group, 
Central Cordillera, 3000-3600 m., Pittier 1165 (N, Y). Péramo 
Las Delicias, Central Andes of Popayadn, 2800-3600 m., Leh- 
mann B. T. 500 (Y).—Ecuapor: Loja, 2800-3400 m., André 
K1008 (Y); Lehmann 4978 (N). 

16. W. stenocarpa sp. nov. Shrub or small tree; branchlets 
slender, sulcate, blackish-tomentose at extremities, the older 
parts glabrous; stipules soon deciduous; petioles 3-5 mm. long, 
ferruginous-tomentose; leaves compound, 1.3-2 cm. long., 
.8-1.2 cm. wide, 1—3-—jugate; leaflets glabrous, bright green 
above, slightly paler beneath, crenate above middle, the ter- 
minal leaflet ovate or rhombic-ovate, 8-15 mm. long, 4-8 mm. 
wide, obtuse at apex, acute and sessile at base, sometimes 
auricled, the crenations about 5 per side, the lateral leaflets 
similar and smaller, 4-8 mm. long, 3-4 mm. wide, sessile or 
merged into the winged rachis; racemes axillary in pairs, 4-5 cm. 
long (including peduncles), the flowers in clusters of 2—4 (some- 
times solitary ?), the pedicels filiform, about 3 mm. long, minutely 
strigose; calyx lobes ovate, 1—-1.2 mm. long, acute, glabrous; 
stamens about 2.5 mm. long; capsule narrowly oblong, about 
a mm. long, 1.3 mm. in diameter, glabrous; styles 1-1.5 mm 
ong. 


Type, Lichcock 21518A, collected Sept. 7, 1923, between 
San Lucas and Ojfia, Province Loja, Ecuador, alt. 2200-3100 m., 
and deposited in the U. S. National Herbarium (no. 1,195,637). 

The size of the terminal leaflet and the elongate racemes 
readily differentiate W. stenocarpa from the two preceding 
species. From W. crenata, which it resembles in the general 
form of the leaves, it is distinguished by the leaves being much 
smaller and the racemes, although fully developed, much 
shorter. 


17. W. FAGAROIDEs H. B. K. Nov. Gen. & Sp. 6: 54.1823. 











1929] KILLIP AND SMITH: WEINMANNIA 369 


A widespread Andean species distinguished by its small leaflets, 
of which there are 3-8 pairs. 

VENEZUELA: Mérida: Paramo Quirora, 2000 m., Jahn 711 
(N,Y).—Co.Lomsia: Norte de Santander: Paramo de Santurb4an, 
towards Mutiscua, 3900 m., Killip & Smith 19590 (A, G, N, Y). 
Paramo de Romeral, 4000 m., Killip & Smith 18656 (A, G, N, 
Y). Santander: Paéramo de las Vegas, 3500 m., Killip & Smith 
15737 (A, G, N, Y). Western slope of Paramo Rico, 3500 m., 














Fig. 1. Weitnmannia fagaroides from the eastern slope of the Péramo de 
Santurban, Colombia. (Killip & Smith 19590). This dwarfed tree is a charac- 
teristic plant of the upper temperate zone in Colombia. 


Killip & Smith 17747 (A, G, N, Y). Pdéramo de Santurban, 
near Vetas, 3500 m. Killip & Smith 17930 (A, G, N, Y). 
Cundinamarca: Eastern Péaramos of Guasca, towards Gacheta, 
Ariste Joseph B109 (N). Caldas: Cerro Tatama, 3400 m., Pennell 
10537 (N).—Ecuapor: Moridino, Lehmann 4981(N,Y). Azuay: 
Vicinity of Cumbe, Rose 22979 (N, Y). Cuenca, 3000 m., 
Lehmann 6595 (N). Loja: Between San Lucas and Ofta, 
2200-3100 m., Hitchcock 21518 (N, Y). 
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18. W. vegasana sp. nov. Tree 5 to 6 meters high; branch- 
lets, racemes, and petioles ferruginous- or grayish-tomentose 
(becoming black), the hairs. 2—.8 mm. long; petioles 3-5 mm. long; 
leaves 4—6-jugate, 3-5 cm. long, 1.5-2 cm. wide, the rachis 
short-tomentose above, hirsute below, especially at the nodes 
(hairs pale, .5-.8 mm. long); leaflets ovate or oblong-ovate 
(terminal one slightly larger), 8-15 mm. long, 5-7 mm. wide, 
tightly revolute at margin, and shallowly crenate in upper half 
(crenations about 1.6 mm. apart), finely pilosulous above 
(hairs .3 mm. long, about 8 per sq. mm.), below pilose on the 
mid- and some of the secondary-nerves, otherwise glabrous or 
very minutely pilosulous, the axils of the teeth sometimes 
tufted-pilose; wings semi-ovate or semi-obovate, pubescent as 
the leaflets, 4-7 mm. long, 1—2 broad; racemes numerous, in 
pairs at apices of short branches, 6—9 cm. long, the floral leaves 
resembling the others but reduced to 1—2 cm. long, 2—3—jugate; 
fascicles about 4 per cm., 3—6-flowered; bractlets ovate-ob- 
long, about .8 mm. long, deciduous, pubescent; pedicels stout 
(about .3 mm. in diameter), 1-2 mm. long, sometimes up to 
3 mm., loosely strigose with pale short hairs; calyx-lobes ovate, 
1—1.3 mm. long, acutish, pubescent with spreading hairs especi- 
ally at the apex; petals oblong, about 1.7 mm. long, usually short- 
ciliate (cilia 12-16 per mm.) reddish; stamens slender, about 3.8 
mm. long; ovary ovoid, about 1 mm. long, glabrous, or faintly 
pilose towards the apex; styles 1.8—2.4 mm. long, strigose with 
pale short hairs (about .1 mm. long) on lower half, especially on 
inner surfaces. 


Type, Killip & Smith 15840, collected Dec. 21, 1926, 
mountains east of Las Vegas, Dept. Santander, Colombia, alt. 
3000-3300 m., and deposited in the herbarium of the New York 
Botanical Garden (duplicates A, G, N). 

A well-marked species distinguished by the pilose upper 
surface of its leaflets and their tightly revolute margins. 

19. W. PLATYPTERA Diels, Bot. Jahrb. 40: Beibl.91: 45. 
1907. Concerning this species, of which we have seen no speci- 
mens, Diels writes: ‘Species foliolis inaequalibus W. lentisci- 
folia Pres] peruvianae similis, sed alis majoribus atque pseudo- 
racemis multo longioribus floribundis recedit.’ With the aid 
of the description we separate this from other species of our 
region on the size of its terminal leaflet, which is much larger 
than the lateral leaflets. 

Ecuapor: ‘in silvis subtropicis secus flum. Pilaton et ad 
Pangoa (Sodiro n. 442—Herb. Berol.)’ 
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20. W. venezuelensis sp. nov. Shrub or small tree, the 
branches dark gray, glabrous, the branchlets densely rufo- 
hirsute; stipules subreniform, about 4 mm. long, 5 mm. wide, 
membranous, sparingly hirtellous or glabrous, soon deciduous; 
petioles 2-4 mm. long, wingless or rarely obscurely winged, 
densely hirsute; leaves 1.5—3.5 cm. long, 1-2 cm. wide, hirsutu- 
lous along rachis especially at articulations, glabrous above, 
glabrous or sparingly hirsutulous on nerves beneath, coriaceous, 
flat or occasionally the nerves impressed above, 3-—6-jugate, 
the leaflets ovate, oblong, obovate, or subrhombic, 6-10 mm. 
long, 3-6 mm. wide (terminal subequal to lateral), obtuse or 
occasionally subacute at apex, acute at base, serrate with 4-7 
(rarely 3) serrations toa side, penninerved (midnerves prominent 
beneath, the lateral nerves 5-8 to a side, often obscure), the 
rachis winged, the wings semi-oblanceolate, 3-5 mm. long, 
.7-1.5 mm. (rarely up to 2 mm.) wide; racemes terminal in 
pairs, 2-5 cm .long (including peduncle which is up to 1 cm. 
long), about 1 cm. wide at anthesis, up to 1.5 cm. wide in fruit, 
the fascicles crowded on the raceme, 5—8-flowered, the pedicels 
2—2.5 mm. long, hirtellous; calyx-lobes ovate-lanceolate, .8—1.2 
mm. long, glabrous or minutely hirtellous towards apex; petals 
obovate, about 1 mm. long, .8 mm. wide, rounded; filaments 
1.3-1.5 mm. long, anthers globose, about .4 mm. in diameter; 
ovary lance-ovoid, glabrous; capsule ovoid, 2.5 mm. long, the 
persistent styles about 2 mm. long. 


Type, Pittier 6250, collected May 24, 25, 1913, in upper belt 
of Pico de Naiguataé, Miranda, Venezuela, alt. 2400-2765 m., 
and deposited in the U. S. National Herbarium (no. 601,985), 
in fruit; duplicate Y. Description of the flowers is based upon 
Kuntze 1652 from Silla de Caracas, Venezuela (Y). Other speci- 
mens are: BRITISH GUIANA: Mt. Roraima, Tate 383 (Y), 
Jenman 321 (N).—VENEZUELA: Sucre: Cerro de Turumiquiré, 
2925 m., Tate 205 (N), 206 (N). Federal District: Silla de 
Caracas, 2500 m., Jahn 198 (N); Pittier 8349 (N). Falcén: 
Paraguana Peninsular, Curran & Haman 688 (N, Y). Mérida: 
Paramo del Molino, 2800 m., Jahn 938 (N), 938a (N). 

This species is intermediate between W. fagaroides and W. 
caripensis. The leaves are much smaller than in W. caripensis, 
but the leaflets have several more serrations to a side than in 
W. fagaroides. The inflorescence is more compact than in either 
of these. 

The shape and size of the leaves of this species agree with 
the description of W. Lansbergiana, but the ovaries of that 
species have a distinctly cinerous-pilose indument which per- 
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sists on the capsules. In Pittier’s 8349, in flower only, there 
are a few hairs towards the tips of the ovaries, but it is doubtful 
if these persist in fruit. 

21. W. CARIPENsIS H. B. K. Nov. Gen. & Sp. 6: 58. 1823. 

W. glabra caripensis Engl. Linnaea 36: 614. 1869-70. W. 
nitida Hieron. Bot. Jahrb. 20: Beibl. 49: 23. 1895. W. nervosa 
Killip, Jour. Washington Acad. Sci. 16: 569. 1926. 

VENEZUELA: Federal District: Coastal Range, 1900 m., 
Pittier 8128 (N). Aragua: Colonia Tovar, 2000 m., Fendler 
518 (N, Y); Allart 481 (N, Y); Pittier 9253 (N, Y). Mérida: 
Selva de Tafayés, 1800 m., Jahn 538 (N). Péramo Quirora, 
2000 m., Jahn 702 (N).—CoLomBIA: Magdalena: Santa Marta, 
1500 m., H. H. Smith 1944 (Y), 1743 (N, type of W. nervosa; 
Y). Norte de Santander: La Isla, 2300 m., Killip & Smith 
19809 (A, G, N, Y). Santander: Mesa de los Santos, 1500 
m., Killip & Smith 15105 (A, G, N, Y). Las Vegas, 2800 m., 
Killip & Smith 15897 (A, G, N, Y), 15989 (A, G, N, Y). 
Cundinamarca: Fusagasugd, 2300 m., Triana (Y). Antioquia: 
Pingura, 1500 m., Lehmann 4635 (N, Y), type collection of 
W. nitida). 

All of these specimens are characterized by slender spikes 
with flowers short-pedicellate. The petioles are noticeably longer 
than those of W. venezuelensis and are winged. The leaflets 
show considerable variation in outline, ranging from elliptic- 
lanceolate to broadly ovate. The terminal leaflet in nearly every 
case is acute, but the lateral leaflets vary from acute to strongly 
obtuse. The venation is obscure in the greater part of these 
specimens, although in the case of one Santa Marta plant 
(H. H. Smith 1743) and two of the Venezuelan plants it appears 
as a conspicuous pale network on the upper surface. 

W. caripensis may be merely a form of the West Indian W. 
pinnata L., as considered by some writers. However, all of our 
Jamaican material of this has the fascicles more loosely ar- 
ranged, the flowers longer-pedicelled, and capsules nearly twice 
as long. 

In the type specimen of W. nitida the pedicels are extremely 
short, but no constant differences are found to separate it. 

22. W. DESCENDENS Diels, Bot. Jahrb. 37: 414. 1906. 

Type locality: Peru: Loreto: Moyobomba, 900 m., Webder- 
vauer 4572 (B, type; N, photo).—Ecuapor: Loja: Between 
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Fig. 2. Weinmannia caripensis from the Mesa de los Santos, Colombia. 
(Killip & Smith 15105). This is one of the commoner species of Weinmannia 
at middle elevation. 
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El Tambo and La Toma, 1000—2200 m., Hitchcock 21365 (N, Y). 
This and the following species are characterized by their 
wingless petioles and slender spikes. 
23. W. STUEBELII Hieron. Bot. Jahrb. 21: 309. 1905. 
CoLomBIiA: Santander: La Baja, 3000 m., Killip & Smith 
18042 (A, G, N, Y).—Ecuapor: ‘Andes’, 2700 m., Jameson 131 
(Y). 
In the Colombian specimen the indument on the upper sur- 
face of the leaflets is more evident. 


24. W. multijuga sp. nov. Shrub or small tree, 2.5-6 m. 
high; branchlets rufo-hirsutulous, at length glabrescent; stip- 
ules rounded, reniform, 4-5 mm. long, 5—6 mm. wide, glabrous, 
hirtellous near margin; petioles 8-20 mm. long, stout, wingless, 
terete, densely hirsute-tomentose; leaves 7-16 cm. long, 3-6 
cm. wide, pilosulous along rachis especially at articulations, 
7—11-jugate (rarely 5-), the leaflets coriaceous, lustrous and con- 
spicuously reticulate-veined above, slightly paler beneath, 
minutely tomentellous on midnerve above, sparingly hirtellous 
on midnerve beneath, crenate-serrate or sharply serrate nearly 
to base (serrations 9-15 to a side), the terminal leaflet ovate- 
elliptic, obtuse or acutish at apex, acutish at base, the lateral 
leaflets oblong, nearly as large as the terminal, 1.5—3 cm. long, 
.8—1.4 cm. wide, rounded or occasionally acutish at base, sessile, 
wings between the leaflets semi-oblanceolate, 7-10 mm. long, 
2-5 mm. wide, glabrous; racemes terminal in pairs, 8-13 cm. 
long, 1.5—2 cm. wide in fruit; peduncles 1.5—2 cm. long; fascicles 
2-6-flowered, the bractlets cordate-ovate, about 1 mm. long, 
the pedicels slender, 3-6 mm. long, finely strigose; calyx-lobes 
ovate about 1 mm. long, obtuse, glabrous, sometimes puberulous 
at apex; stamens 2.5—3.5 mm. long; ovary globose-ovoid, glab- 
rous; capsule broadly ovoid, 2.8-3.5 mm. long, styles persistent, 
1.5—-2 mm. long; seeds lance-ovoid, about 1 mm. long, with 
30-50 long crispate hairs. 


Type, Killip & Smith 20597, collected Mar. 12, 1927, on 
the eastern slope of Péramo del Hatico, between Toledo and 
Pamplona, Dept. Norte de Santander, Colombia, alt. 2900 m., 
and deposited in the herbarium of the New York Botanical 
Garden. Duplicates A, G, N. Other specimens are: VENEZUELA: 
Mérida: Selva de Tafayés, 2000 m., Jahn 537 (N, Y).— 
CoLtomBIA: Norte de Santander: between Pamplona and 
Toledo, 2800 m., Killip & Smith 19907 (A, G, N, Y), 20637 
(A, G, N, Y). Santander: Las Vegas, 2800 m., Killip & Smith 
16134 (A, G, N, Y). 
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The numerous leaflets and long pedicels distinguish this 
species from its near relatives. 

25. W. MARIQUITAE Szyszy. Oesterr. Botan. Zeitschr. 40: 
41. 1890. We have not seen a specimen of this, which the author 
compares with W. sulcata Engl. From this it seems to be differ- 
entiated by the invariable presence of wings, more slender 
racemes, and smaller leaflets. The type is from Colombia, 
‘prov. Mariquitae, Boqueron du Tolima, alt. 4000 m., Linden 
932, in Herb. Mus. pal. Vind.’ 

26. W. ENGLERIANA Hieron. Bot. Jahrb. 20: Beibl. 49: 24. 
1895.—? W. hirtella H. B. K. Nov. Gen. & Sp. 6: 56.1823. W. 
guanacasana Hieron. Bot. Jahrb. 20: Beibl. 49: 25. 1895. We 
have not seen the type specimen of W. hirtella, or any of the 
collections cited as such by Engler or Hieronymus. The de- 
scription applies well to type material of W. Engleriana. 

W. guanacasana surely is conspecific with W. Engleriana. 
In discussing its relationship Hieronymus writes: ‘Species W. 
Englerianae Hieron. affinis, differt foliis 3—7-jugis, brevius 
petiolatis, foliolis minus crassis subplanis vel leviter sulcatis et 
argutius serratis, allis interfoliolaribus superioribus paulo lati- 
oribus, floribus paulo minoribus, brevius pedicellatis.’ Careful 
comparison of specimens of the type collections convinces us 
that the above differences, which exist in a minor and over- 
lapping degree, are purely individual and not of specific value. 

CoLomBIA: Cundinamarca: Verjén, Ariste Joseph A95 (N). 
El Cauca: Rio Lopez, 2700 m., Pittier 1072 (N, Y). Paéramo 
de Guanacas, 3200 m., Lehmann 5632 (N, type collection), 
6074 (N, type collection of W. guanacasana), 6661 (N). 
Paéramo de Moray, 3000 m., Lehmann 3765 (N). Mt. Puracé 
3400 m., Pennell & Killip 6521 (N, Y), 6525 (N, Y,) 6545 (N). 
Mt. Pan de Azucar, Pennell 7033 (N).—Ecuapor: Penipe, 
Mille 63 (Y). 

27. W. sULCATA Engler, Linnaea 36: 624. 1869-70. A 
species with the wings between the leaflets rudimentary in the 
lower part of the leaf, but well developed in the upper part. 

Not present in our material. The type is from the Andes of 
Ecuador, Spruce 5410. 

28. W. TRIANAE Wedd. Chlor. And. 2: 211. pl. 72. 1855. 
In this species the wings are all reduced to mere ridges along 
the rachis. 
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CoLomBIA: Cundinamarca: Quetamé, Dawe 319 (N). 

29. W. TOMENTOSA L. f. Suppl. 227. 1763. <A readily dis- 
tinguished species, showing almost no variation throughout 
its range. It appears to bear the same relationship to the pilose- 
ovaried group as W. fagaroides bears to those with glabrous 
ovaries. 

VENEZUELA: Trujillo: Paramo de Zumbador, 2600 m., 
Jahn 92 (N). Mérida: Péramo Mucuchies, 3600 m., Bellard 
53 (N).—Co.LomBia: Norte de Santander: Between Mutiscua 
and Pamplona, 3400 m., Killip & Smith 19707 (A,G,N,Y). 
Paéramo del Hatico, 2900 m., Killip & Smith 20625 (A, G,N, Y). 
Santander: Mountainseast of Las Vegas, 3300 m., Killip & 
Smith 15833 (A, G, N, Y). Vicinity of La Baja, 3500 m., 
Killip & Smith 18037 (A, G, N, Y). Pdramo de las Puentes, 
above La Baja, 3600 m., Killip & Smith 18194 (A, G, N, Y). 
Eastern slope of Péramo de las Coloradas, above La Baja, 
3600 m., Killip & Smith 18392 (A, G, N, Y). Cundinamarca: 
Bogota, 2900 m., Triana 2802 (Y); Holton 663 (Y); Dawe 147 
(N); Pennell 2368 (N, Y). Chipaqué, 2800 m., André 911 (Y). 
San Cristébal, Ariste Joseph A255 (N). Facatativa, 2700 m., 
Popenoe 1132 (N). 

30. W. PUBESCENS H. B. K. Nov. Gen. & Sp. 6: 56. 1823. 

VENEZUELA: Mérida: Paramo del Molino, 2600 m., Jahn 
925 (N). Palmira, 2500 m., Jahn 536 (N).—COLOMBIA: 
Antioquia: Las Minitas, south of Caldas, 2300 m., Pennell 
10935 (N, Y). Yarumal, 2000 m., Lehmann 7448 (Y). Santa 
Rosa, 2400 m., Lehmann 7457 (Y). Medellin, Toro 227 (N, Y). 
El Valle: El Saladito, above Cali, 1500 m., Pittier 753 (N). 
Caldas: Old Quindio Trail, 3100 m., Killip & Hazen 9470 
(N, Y); André 2261 (Y). Salento, 2800 m., Pennell 9301 (N). 
El Cauca: Tacueyo, Rio Palo Valley, 1800 m., Pittier 1048 
(N, Y). Coconuco, 2400 m., Killip 6860 (N, Y). Rio Sucio, 
1900 m., Pennell & Killip 8194 (N). San Isidro, Puracé, 
2100 m., Pennell & Killip 6427 (N). Morales, 1700 m., Pen- 
nell & Killip 8289 (N). Tolima: Rio Toche, Holton 664 (Y). 

30a. W. pubescens popayanensis (Hieron.) comb. nov. 
Described as a distinct species by Hieronymus in Bot. Jahrb. 
20: Beibl. 49:26. 1895. It seems to differ from the preceding 
only in the narrower leaflets, a difference which examination of 
the type collection does not cause us to believe specific. 
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CoLomBIA: El Cauca: Popayan, 1500-2000 m., Lehmann 
2084 (N, type collection). 

31. W. LANSBERGIANA Engl. Linnaea 36: 628. 1869-70. 

VENEZUELA: Federal District: Gdlipan, Allart 155 (N,Y). 

The leaves of this specimen are slightly broader than in- 
dicated in the description of W. Lansbergiana, and the indument 
less dense. We refer the specimen to W. Lansbergiana rather 
than to W. caripensis, which superficially it more closely re- 
sembles, on the base of the densely cinereous-pilose ovaries. 
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29: 144-153. allust. Au 1929. 

Harshberger, J. W. The vegetation of the screes, or talus slopes 
of western North America. Proc. Am. Philos. Soc. 68: 
13-25. f. 1-7. My 1929. 

Hartzell, A. Tolerance of different species and varieties of plants 
to naphthalene vapor. Jour. Econ. Entomol. 22: 354-359. 
Ap 1929. 

Harvey, R. B. Julius von Sachs. Plant Physiol. 4: 155-157. 
pl. 3+f.1. Ja 1929. 

Haynie, N. V. Two new plant records for the Chicago region. 
Rhodora 31: 99. 22 My 1929. 

Hill, J. B. Matrocliny in flower size in reciprocal F, hybrids 
between Digitalis lutea and Digitalis purpurea. Bot. Gaz. 
87: 548-555. f. 1-3. 22 My i929. 

Holm, T. Vegetative reproduction in Hydrangea. Rhodora 
31: 120. 5 Je 1929. 

Hottes, C. F. Studies in experimental cytology. Plant Physiol. 
4: 1-30. pl. 1+f. 1-4. Ja 1929. 

Hoover, M. M. Wheat-rye hybrids. Jour. Heredity 20: 171. 
f. 14. Ap 1929. 
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Howard N. O. A new disease of Douglas fir. Science II. 
69: 651-652. 21 Je 1929. 

Howitt, J. E., Sands, D. R., & Jones, D. H. Fungus and bac- 
terial diseases of vegetables. Ontario Dept. Agr. Bull. 
345: 1-64. allust. My 1929. 

Hoyt, W. D. The periodic fruiting of Dictyota—an acquired 
character? Am. Nat. 62: 546-553. N 1928. 

Johnston, C. O. The occurrence of strains resistant to leaf 
rust in certain varieties of wheat. Jour. Am. Soc. Agron. 
21: 568-573. My 1929. 

Johnston, E. S., & Dore, W. H. The influence of boron on the 
chemical composition and growth of the tomato plant. 
Plant Physiol. 4: 31-62. f. 1-9. Ja 1929. 

Kenoyer, L. A. General and successional ecology of the lower 
tropical rain-forest at Barro Colorado Island, Panama. 
Ecology 10: 201-222. f. 1-8. Ap 1929. 

Killip, E. P. New plants mainly from western South America. 
Il. Jour. Washington Acad. Sci. 19: 191-195. 19 My 1929. 
Describes new species in Urtica (1), Escallonia (1), Tropaeolum, (5) 
Loasa (1), and Tournefortia (1). 

Kittridge E. M. A new maidenhair. Am. Fern. Jour. 19: 
56. f. 4. 21 My 1929. 


Adiantum pedatum, forma Billingsae. 


Kostoff, D., & Kendall, J. Irregular meiosis in Lycium halimi- 
folium Mill. produced by gall mites (Eriophyes). Jour. 
Genetics 21: 113-115. pl. 11. 29 Ap 1929. 

Kupper, W. Cereus Trollii n. spec. Monats. Deutsch. Kakteen- 
Gesell. 1: 96-98. illust. My 1929. 

Lachmund, H. G. Cronartium Comptoniae Arth. in western 
North America. Phytopathology 19: 453-466. f. 1. My 
1929. 

Laibach, F. Ectogenesis in plants. Methods and genetic pos- 
sibilities of propagating embryos otherwise dying in the 
seed. Jour. Heredity 20: 201-208. f. 4-12. My 1929. 

Lepeschkin, W. W. The causes of ephemery of flowers. Am. 
Jour. Bot. 16: 314-325. ‘““My”’ 21 Je 1929. 

Lindstrom, E. W. Linkage of qualitative and quantitative 
genes in maize. Am. Nat. 63: 317-327. Jl 1929. 

Link, G. K. K., Edgecombe, A. E., & Godkin, J. Further 
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agglutination tests with phytopathogenic bacteria. Bot. 
Gaz. 87: 531-547. 22 My 1929. 

Lloyd, F. E. The mechanism of the water tight door of the 
Utricularia trap. Plant Physiol. 4: 87-102. pl. 2+f. 1-5. 
Ja 1929. 

Maass, C. A. Opuntia crinifera Pfeiffer. Succulenta 11: 82-83. 
My 1929. 


A Mexican plant. 


Mc Clintock, B. A 2 n-—1 chromosomal chimera in maize. 
Jour. Heredity 20: 218. f. 20. My 1929. 

Mackenzie, K. K. The generic name Radicula. Rhodora 31: 
119. 5 Je 1929. 

Mackenzie, K. K. Type of the genus Jatropha. Bull. Torrey 
Club 56: 213-215. “‘Ap’’ 13 Je 1929. 

Mangelsdorf, P. C. The relation between length of styles and 
Mendelian segregation in a maize cross. Am. Nat. 63: 
139-150. Mr 1929. 

Martin, G. W. Three new Dinoflagellates from New Jersey. 
Bot. Gaz. 87: 556-558. f. 1-12. 22 My 1929. 
Prorocentrum triangulatum, Amphidinium fusiforme and Polykrikos 
barnegatensis, spp. nov. are described. 

Martin, T. L. The effect of sweet clover and alfalfa roots and 
tops on the fungous flora of the soil. Soil Sci. 27: 399-405. 
My 1929. 

Maxon, W. R. A diminutive new hollyfern from Ecuador. 
Jour. Washington Acad. Sci. 19: 197-199. f. 1. 19 My 
1929. 

Polystichum pumilio sp. nov. 

Maxon, W. R. A singular new Dryopteris from Colombia. 
Jour. Washington Acad. Sci. 19: 245-247. f. 1. 19 Je 1929. 
Dryopteris cornuta sp. nov. 

Melchior, H. Rinorea Lindeniana, eine verkannte Violaceen- 
Art des tropischen Siidamerika. Notizbl. Bot. Gart. 
Berlin 10: 544-550. 30 Mr 1929. 

Merrill, S., Jr. Pear growing with selected buds. Jour. Heredity 
20: 213-217. f. 17-19. My 1929. 

Meyer, B. S. Some critical comments on the methods employed 
in the expression of leaf sap. Plant Physiol. 4: 103-112. 
f. 1. Ja 1929. 
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Miller, P. A. A disease of Lippia caused by Sclerotium Rolfsii 
Sacc. Phytopathology 19: 509-510. f. 7. My 1929. 
Molfino, J. F. Nuevas adiciones a la flora fanerogamie ad- 
venticia de la Argentina. Rev. Fac. Agron. Univ. Nac. La 

Plata 18: 139-156. f. 1-4. D 1928. 

Monteith, J. Jr., & Hollowell, E. A. Pathological symptoms 
in legumes caused by the potato leaf hopper. Jour. Agr. 
Res. 38: 649-677. pl. 1+f. 1-13. 15 Je 1929. 

Mounce, I. Studies in forest pathology II. The biology of 
Fomes pinicola (Sw.) Cooke. Canada Dept. Agr. Bull. II. 
3: 1-74. pl. 1-10. 1929. 

Mousley, H. Notes on the birds, orchids, ferns and butterflies 
of the Province of Quebec, 1928. Canadian Field Nat. 
43: 93-99. My 1929. 

Munz, P. A., & Hitchcock, C. L. A study of the genus Clarkia, 
with special reference to its relationship to Godetia. Bull. 
Torrey Club 56: 181-197. ‘“‘Ap”’ 13 Je 1929. 

Nebel, B. R. Chromosome counts in Vitis and Pyrus. Am. Nat. 
63: 188-189. Mr 1929. 

Nelson, D. H. The isolation of some nitrifying organisms. 
Iowa State Coll. Jour. Sci. 3: 113-174. pl. 1-10. “‘Ja’”’ 
1929. 

Nolla, J. A. B. La enfermedad pata-prieta del tobaco. Rev. 
Agr. Puerto Rico 22: 150-151. Ap 1929. 

Peto, F. H. Chromosome numbers in the Agropyrons. Nature 
124: 181-182. f. 1. 3 Au 1929. 

Platz, G. A. Some factors influencing the pathogenicity of 
Ustilago Zeae (Beckm.) Unger. lowa State Coll. Jour. 
Sci. 3: 177-124. pl. 1-9. “Ja” 1929. 

Purdy, H. A. Immunologic reactions with tobacco mosaic 
virus. Jour. Exp. Med. 49: 919-935. 1 Je 1929. 

Rahn, O. Contributions to the classification of bacteria. 
Zentralb. Bakt. 2 Abt. 78: 1-21. f. 1. 27 My 1929. 

Record, S. J. Walnut woods—true and false. Trop. Woods 
18: 4-29. 1 Je 1929. 

Riker, A. J., Keitt, G. W., & Banfield, W. M. A progress 
report on the control of crown gall, hairy root, and other 
malformations at the unions of grafted apple trees. Phyto- 
pathology 19: 483-486. My 1929. 

Ringuelet, E. J. Anatomia comparada de algunas gramineas 
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Argentinas. Datos histologicos y etologicos de la hoja. 
Rev. Fac. Agron. Univ. Nac. La Plata 18: 157-179. f. 1-7. 


D 1928. 
Robbins, C. A. The identity of Cladonia lepidota Fries. Rhodora 


31: 101-106. pl. 187. 5 Je 1929. 
Includes description of Cladonia simulata sp. nov. 

Robbins, W. J., & Rickett, H. W. Botany, a textbook for 
college and university. i—xxiii, 1-535. f. 1-384. New York, 
D. Van Nostrand Company, 1929. 

Roig y Mesa, J. T. Diccionario botanico de nombres vulgares 

Est. Exp. Agron. Santiago de las Vegas Bol. 


Cubanos. 
F 1928; Part II. 249-598. F 1928; Part III. 


54: 1-247. 


599-897. F 1928. 
Rosendahl, C. O. A revision of the genus Sullivantia. Minne- 
Je 


sota Stud. Biol. Sci. 6: 401-427. pl. 38—43+f. 1, 2. 


1927. 
Sandwith, N. Y. Casselia rosularis. Kew Bull Misc. Inf. 1929: 


124-125. 1929. 
A Brazilian plant. 

Sandwith, N. Y. Cephalostemon microglochin. 
Misc. Inf. 1929: 125-126. 1929. 


Kew Bull. 


A plant from Brazil. 
Sandwith, N. Y. Geranium azorelloides. Kew Bull. Misc. 
Inf. 1929: 121-122. 1929. 


A plant from Colombia. 


Sandwith, N. Y. Notes on Trinidad plants. Kew Bull. Misc. 


Inf. 1929: 75-81. 1929. 
Sandwith, N. Y. Schoepfia velutina. Kew Bull. Misc. Inf. 


1929: 122-123. 1929. 


A Brazilian plant. 
Saunders, W. E. Ferns by the Georgian Bay. Am. Fern. Jour. 


19: 49-51. 21 My 1929. 
Schaffner, J. H. Additions to the catalog of Ohio vascular 
plants for 1928. Ohio Jour. Sci. 29: 81-92. ‘‘Mr’” 30 Ap 
1929. 
Schaffner, J. H. Progeny resulting from self-pollination of 
staminate plant of Morus alba showing sex reversal. Bot. 


Gaz. 87: 653-659. 21 Je 1929, 
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Schertz, F. M. Seasonal variation of the chloroplast pigments 
in several plants on the Mall at Washington, D. C. Plant 
Physiol. 4: 135-139. Ja 1929. 

Schulz, O. E. Amerikanische Cruciferen verschiedener Her- 
kunft. Notizbl. Bot. Gart. Berlin 10: 558-564. 30 Mr 
1929. 

Includes descriptions of Catadysia and Grammosperma, gen. nov. and 
of several new species in various genera. 

Setchell, W. A. The genus Microdictyon. Univ. Calif. Publ. 
Bot. 14: 453-588. f. 1-105. 19 Ap 1929. 

Setchell, W. A. Morphological and phenological notes on 
Zostera marina L. Univ. Calif. Publ. Bot. 14: 389-452. 
f. 1-59. 19 Ap 1929. 

Seymour, A. B. Host index of the fungi of North America. 
i-xili, 1-732. Cambridge, Harvard Univ. Press, 1929. 
Shaw, M. F. A microchemical study of the fruit coat of 
Nelumbo lutea. Am. Jour. Bot. 16: 259-276. pl. 19, 20+ 

f. 1,2. “My” 21 Je 1929. 

Shirley, H. L. The influence of light intensity and light quality 
upon the growth of plants. Am. Jour. Bot. 16: 354-390. 
pl. 28-32+f. 1-18. ‘‘My”’ 21 Je 1929. 

Shull, C. A. A spectrophotometric study of reflection of light 
from leaf surfaces. Bot. Gaz. 87: 583-607. f. 1-10. 21 Je 
1929. 

Shunk, I. V. Microbiological activities in the soil of an upland 
bog in eastern North Carolina. Soil Sci. 27: 283-303. 
f. 1-3. Ap 1929. 

Sideris, C. P., & Paxton, G. E. A new species of Mortierella. 
Mycologia 21: 175-177. pl. 12. 1 Jl 1929. 

Mortierella elasson sp. nov. 

Sinnott, E. S. Botany: principles and problems. 2d ed. i—xxi, 
1-441. f. 1-269. New York, McGraw-Hill Co., 13 Jl 
1929. 

Skutch, A. F. Early stages of plant succession following forest 
fires. Ecology 10: 177-190. pl. 3-5. Ap 1929. 

Smith, J. R. Tree crops: a permanent agriculture. i—xii, 1-333. 
f. 1-36. New York, Harcourt, Brace & Co., Ja 1929. 
Sthrens, J. Uber einen Echinocactus, der in selbstgeschaffenen 
Erdléchern wichst. Monats. Deutsch. Kakteen-Gesell. 

1: 122-127. allust. Je 1929. 
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Echinocactus Aspillagai sp. nov. 

Stahl, C. F., & Faris, J. A. The behavior of the new P O J 
canes in relation to sugar cane mosaic in Cuba. Trop. 
Plant Res. Found. Bull. 9: 3-12. f. 1-4. 1929. 

Standley, P. C. Four new trees from British Honduras. Trop. 
Woods 18: 30-32. 1 Je 1929. 

Stanton, E. N., & Denny, F. E. Forcing dormant woody 
plants with chemical vapors. Florist’s Exch. 70: 11, 15, 36. 
9 Mr 1929. 

Stebbins, G. L., Jr. Further additions to the Mt. Desert flora. 
Rhodora 31: 81-87. pl. 185-186. 22 My 1929. 

Stewart, G., & Price, H. Inheritance studies in Sevier xX 
Odessa wheat cross. Jour. Am. Soc. Agron. 21: 493-512. 
My 1929. 

Stewart, G., & Tingey, D.C. A genetic recombination for the 
expression of awns in wheat. Am. Nat. 62: 532-539. 
f. 1. N 1928. 

Svenson, H. K. Anthesis in Spartina cynosuroides. Rhodora 
31: 99-100. 22 My 1929. 

Svenson, H. K. Chamaecyparis thyoides in New Hampshire. 
Rhodora 31: 96-98. 22 My 1929. 

Swallen, J. R. A new species of Aristida from Florida. Jour. 
Washington Acad. Sci. 19: 195-197. f. J. 19 My 1929. 
Aristida rhizomophora sp. nov. 

Swift, M. E. Contributions to a mycological flora of local 
soils. Mycologia 21: 204-221. pl. 16-19. 1 J1 1929. 
Chaetomium subterraneum & Trichurus terrophilus, spp. nov. are described. 

Taylor, W. R. Notes on the marine algae of Florida. Bull. 
Torrey Club 56: 199-210. f. 1, 2. “‘Ap” 13 Je 1929. 
Hydrocoleum penicillatum described as a new species. 

Tiffany, L. H. A key to the species, varieties, and forms of the 
algal genus Oedogonium. Ohio Jour. Sci. 29: 62-80. 
“Mr” 30 Ap 1929. 

Toro, R. A. El concepto taxonémico de los Perisporales. Bol. 
Soc. Colombiana Cien. Nat. 18: 10-13. Mr 1929. 

Traub, H. P., & others. Storage of truck crops: the girasole, 
Helianthus tuberosus. Plant Physiol. 4: 123-134. f. 1-4. 
Ja 1929. 

Trelease, W. Lindentopiper, a generic segregate from Piper. 
Proc. Am. Philos. Soc. 58: 53-54. My 1929. 
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Valleau, W. D., & Fergus, E. N. Black stem disease of alfalfa, 
sweet clover and red clover. Phytopathology 19: 507- 
509. My 1929. 

Victorin, Marie- (Frére). Deux Epibiotes remarquable de la 
Minganie. Contr. Lab. Bot. Univ. Montreal 12: 163-176. 
pl. 1-4. 1928. 

Victorin, Marie- (Frére). Dynamisme dans la flore du Québec. 
Contr. Lab. Bot. Univ. Montreal 13: i-x, 1-89. f. 1-42. 
1929. 

Weatherby, C. A., Knowlton, C. H., & Bean, R. C. Seventh 
report of the Committee on floral areas. Preliminary lists 
of New England plants—XXXII. Rhodora 31: 106-118. 
5 Je 1929. 

Webber, J. M. A smear method for the study of chromosomes 
in microsporogenesis. Univ. Calif. Publ. Bot. 14: 345-352. 
28 F 1929. 

Webster, J. E. Effects of storage on alcoholic extracts of plant 
tissues. Amino acid changes. Plant Physiol. 4: 141-144. 
f. 1. Ja 1929. 

Wells, B. W. A newpyxiefrom North Carolina. Jour. Elisha 
Mitchell Sci. Soc. 44: 238-239. pl. 9. Ap 1929. 

P yxidanthera brevifolia sp. nov. 

Wentz, J. B., & Goodsell, S. F. Recessive defects and yield 
in corn. Jour. Agr. Res. 38: 505-510. 1 My 1929. 

Wiggins, I. L. Four new plants from San Diego County, 
California. Contr. Dudley Herb. Stanford Univ. 1: 99-102. 
pl. 7-9. 20 My 1929. 

Wynd, F. L. The ferns of the Crater Lake National Park. 
Am. Fern Jour. 19: 37-41. 21 My 1929. 

Young, P. A. Tobacco witches’ broom. A preliminary report. 
Am. Jour. Bot. 16: 277-279. pl. 21. ‘“My” 21 Je 1929. 

Zehner, M. G., & Humphrey, H. B. Smuts and rusts produced 
in cereals by hypodermic injection of inoculum. Jour. 
Agr. Res. 38: 623-627. f. 1. 1 Je 1929. 





